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1.0 SUMMARY 

This test report documents the short pulse width testing completed on the Voyager 0.2-lbf 
thruster valve assemblies (T/VA's) under contract 956930 and the disassembly and 
inspection of T/VA 5/N 020 under contract 957181 fc 3et Propulsion Laboratory of 
Pasadena, California. The testing was conducted at Rocket Research Company, 

Redmond, Washington, beginning October 1984 and ending April 1985. 

1.1 PURPOSE 

The purpose for performing the short pulse width testing on Voyager 0.2-lbf thruster valve 
assemblies (T/VA's) was to determine t'ie following: 

• Impulse bit versus electrical pulse width. 

• Impulse bit variations versus electrical pulse width. 

• Whether the short pulses decrease thruster life. 

1.2 INTRODUCTION 

Seven T/VA’s were candidates for the short pulse test program. The seven T/VA’s (5/N’s 
015, 016, 019 ^20, 021, 022 and B02A), were processed through prefire functional tests. 

The functional test results and firing histories were evaluated. T/VA seri?J numbers 016, 

019, 020 and 022 were selected for the short pulse testing and T/VA S/N 021 was selected 

as the backup unit. » 

The hot' tiring history of these T/VA's is contained in M35-77 Propulsion Subsystem Test 
Report, memorandum VGR77 77-132. A pulse and on-time summary is as follows: 

T/VA Pulse and On-Time Summary 
T/VA S/N Total Pulses On-Time (sec) 


016 

9,955 

1,211 

019 

2,965 

426 

020 

2,530 

86,300 

022 

120,189 

58,082 
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2.0 TEST PLAN 


This section presents the Voyager 0.2-lbf T/VA short pulse width test plan. The short 
pulse test flow plan is shown on Figure 2-1. 

2.1 MODIFICATION OF T/VA's 

The seven T/VA's, S/N's 015, 016, 019, 020, 021 and B02A, were in various stages of 
disassembly when they were received. The thermal shroud, pressure transducer, and/or 
aft heat shield were removed, if not previously removed, so that all uiits were in the 
same configuration. 

2.2 PREFIRE FUNCTIONAL TCSTS 

The seven T/VA's were subjected to the following functional tests: 

• Thrust control valve response 

• Thruster GN 2 flow 

• Proof pressure 

• External and internal leak 

• Heater resistance 

On the basis of the functional teats and hot-firing history, four of the seven T/VA's were 
selected for the characterization test. 

2.3 T/VA CHARACTERIZATION TEST NO. 1 

Four T/VA's (S/N's 016, 019, 020 and 022), were subjected to characterization test Nc. 1. 
If one of the four had not met the original ATP requirements, the backup T/VA S/N 021 
would have been installed in its place. The T/VA characterization test duty cycle is shown 
on Table 2-1. This duty cycle is equivalent to the original ATP duty cycle. 

2.% SHORT PULSE WIDTH TEST NO. 1 

The short pulse width test duty cycle is shown on Table 2-2. This duty cycle was used to 
determine the characteristics of the decrease in impulse bit with the reduction in 
electrical pulse width and also determine the electrical pulse width that was so short that 
the thrust control valve did not open. 



2.5 SHORT PULSE WIDTH TEST NO. 2 

This test is a repeat of short pulse width test No. 1, except that . <e test s» lence is run 
in the reverse order; i.e., starting with an ON TIME of 3 milliseconds and ending with an 
ON TIME of 10 milliseconds. 

2.6 SHORT PULSE WIDTH TEST NO. 3 

This test is a repeat of short pulse test No. 1, except the propellant feed pressure is 19 0 
psia instead of 220 psia. 

2.7 SHORT PULSE WIDTH TEST NO. 4 

This test is a repeat of short pulse width test No. 2, except the propellant feed pressure is 
190 psia instead oi 220 psia. 

2 .1 ABBREVIATED LIFE TEST 

The abbreviated life test duty cycle is shown on Table 2-3. The abbreviated life test was 
completed in four sequences. Each of the four sequences was followed by a repeat of a 
short pulse width test. Sequences 1, 2, and 4 each contained 5,000 pulses and sequence 3 
contained 10,000 pulses for a total of 25,000 pulses. The ON TIME for the abbreviated 
life test was varied from 3.3 to 4.0 milliseconds, depending on the particular T/VA and 
abbreviated life test segment, to obtain an impulse bit that was 20% to 30% of the 10- 
milliseoond pulse impulse bit. The abbreviated life test electrical pulse widths are shown 
on Table 2-4. 

2.9 T/VA CHARACTERIZATION TEST NO. 2 

This test was a repeat of T/VA characterization test No. 1. The purpose of this test was 
to determine if there was significant performance degradation due to the short pulse/ 
abbreviated life testing. 

2.10 P05TFIRE FUNCTIONAL TESTS 

This test was a repeat of the prefire functional test. The purpose of this test was to 
determine if there was any significant functional degradation of the T/VA's, especially 
pertaining to the thrust control valve response and the thruster GN ? flow. 



T/VA CHARACTERIZATION TEST DUTY CYCLE 


Initial 

Tamp. 

(°F) 

325 ± 25 
Existing 
Existing 
Existing 

OH 

Tima 

(sec) 

060 

86'C 

§6? 

OO'O 

0.10 

200 

200 

No. 

of 

Pulses 

100 

20 

1 

1 

Propellant 
Feed Pressure 
(psla) 

350 ± 5 
350 ± 5 
350 ± 5 
150 ± 5 

Test 

Sequence 

— <N m ^ 


\ , 
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Table 2-3 
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3.0 TEST FIRING SETUP AND iNSTRU MENTATION 


3.1 TEST FIRING SETUP 

3.1.1 Test Fixture 

Four thruster valve assemblies (T/VA's) (S/N's 016, 019, 020 and 022), were installed on 
the test firing fixture, as shown in Figures 3-1, 3-2, and 3-3. Thermocouples were welded 
to the thrust chamber bodies to provide thru3t chamber temperature, as shown in Figure 
3-1. The T/v\ chamber pressure (P c ) tubes were connected to the Taber pressure 
transducers using specially prepared adapters to reduce the holdup volume. Transducers 
with a 0- to 300-psia range were used for the charac.erization tests, and transducers with 
a 0- to 50-psia range were used for the short pulse width and abbreviated life tests. 

3.1.2 Altitude Chamber 

The test firing fixture with the T/VA*s mounted on it was installed in the altitude 
chamber, as shown by the schematic cfrawing on Figure 3-*». Figures 3-1, 3-2 and 3-3 also 
show the T/VA's installed in the altitude chamber. 

3.2 TEST INSTRUMENTATION 

The instrumentation used on this test is shown on Table 3-1 a r. Figures 3-5, 3-6, 3-7 and 
3-8. The test instrumentation calibrations were performed to secondary standards 
traceable to the National Bureau of Standards. 

An accurate time base for the electrical pulse signal was more difficult to obtain due to 
the fact that the RRC data acquisition system normally takes data at one millisecond 
intervals and this test required data samples at each one-tenth millisecond. In order to 
accomplish this, the data acquisition system was modified to speed up the time base by a 
factor of 10; e.g., for each 6 seconds of real time, the data acquisition time base registers 
60 seconds. The electrical pulse widths were then calibrated. 



Table 3-1 

TEST INSTRUMENTATION 
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Figure 3-6 
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Figure 3-7 






4.0 TEST RESULTS 


4.1 FUNCTIONAL TESTS 

The functional test results of the T/VA GNj flow and the valve response time ace srv: »- 
on Table 4-1. 

Inspection of the data on the T/VA GN^ flow test reveals '>e folio wing: 

T/VA S/N 016 - No significant decrease in flow rate. 

T/VA S/N 019 - No significant decrease in flow rate. 

T/Va S/N 020 - Dramatic decrease in flow rate. This intfi cates partial flow bi'ocaee z: 
the thruster and will be discussed in Sections 4.2, 4.3 arc 5.H. 

T/VA S/N 022 - Slight decrease in flow rate, but the postlire reading at '.Z pag ne 
an error as the propellant flow rate ane thrust measured auring char- 
acterization test No. 2 shows a change of approximate:) 5 percr~t. 

The valve res pore -* time data indicates that there is no significant increase res'^ense 
time. 

The proof pressure, internal and external leakage, and heater resistance tests were 
performed with acceptable results. 

4.2 CHARACTE NATION TESTS 

The results of characterization tests 1 and 2, along witn the original acceptance :r * 
(ATP) data are summarized in Table 4-2. 


A review of the characterization and original acceptance test (ATP) data revea.s 
following: 


T/VA S/N 016 - There are no significant changes in any of the performance aara— :eters. 



T/VA S/N 019 - The data indicates that there was a decrease in the thrust level of 5 
percent for both sequences 3 and 4. The other performance parameters 
show no significance changes. The 84% roughness during A. TP was due to 
a unique transient condition. All oerformance parameters meet the 
original ATP requirements. 

T/VA S/N G20 - There is a 70-percent decrease in thrust from characterization test No. 1 
to characterization test No. 2. This decrease was caused by partial flow 
blockage as confirmed by the thruster GN 2 flow test. The abbreviated 
life test data shows that this flow blockage occurred between pulse 3,000 
and 4,000 of the third abbreviated life test sequence; i«e., between the 
13,000th and 14,000th pulses of the 25,000-puise abbreviated life test. 
Figtre 4-45 indicates that there was little performance degradation over 
tne remainder of the testing; i.e., from 14,000th pulse to the 25,000th 
pulse. 

T/VA S/N 022 - The data indicates that there was a decrease in the thrust level of 
approximately 5 percent for both sequences 3 and 4. The other 
performance parameters show no significant changes. 

4.3 SHORT ir ULSE WIDTH TESTS 

Figure 4-1 ptesents a curve of average impulse bit as a percent of the impulse bit at an 
electrical pulse width of 10 milliseconds of the three T/VA's S/N 016, 019, and 022 versus 
electrical pulse width. Thus, by definition, a data poin: at 10 milliseconds would be 100 
percent. 

The data from stort pulse tests 1, 5 and 8 are plotted. Short pulse test 1 was run prior to 
the abbreviated life test. Short pulse test 5 was run after the first segments of the 
abbreviated life test; i.e., after 5,000 pulses. Short pulse test 8 was run after the 
conclusion of the abbreviated life test; iue., after 25,000 pulses. Short pulse tests 2, 6 and 
7 were omit ed for clarity. 

Figures 4-2, 4-3, 4-4, 4-5, 4-6 and 4-7 show the sa..ie type of curve as 4-1, except they 
present data from short pulse tests l, 2, 5, 6, 7 and 8 individually and respectively. 



■U i fx 


V*.- 


ft. ' 


The data from the testing of T/VA S/N 020 nas been omitted from these cirves because of 
the partial flow blockage sustained during the third segment of the abbreviated life test. 
Data from short pulse tests 3 and 4 have been omitted because they were run at a 
propellant feed pressure of 190 psia instead of 220 psia. 

Figure 4-8 presents a curve of average impulse bit of the three T/VA's S/N's 016, 019 and 
022 versus electrical pulse width. The data from short pulse tests 1, 5 and 8 are {dotted. 
Short pulse tests 2, 6 and 7 were omitted for clarity. 

Figures 4-9, 4-10, 4-11, 4-12, 4-13 and 4-14 show the same type of curve as Figure 4-8, 
except they present data from short pulse tests 1, 2, 5, 6, 7 and 8 individually and 
respectively. 

Figures 4-15 through 4-22 present curves of average impulse bit versus electrical pulse 
width for short pulse tests 1 through 8. T/VA S/N's 016, 019, 020 and 022 data are plotted 
individually on each figure. 

Figire 4-23 through 4-30 present pulse-to-pulse impulse bit variation versus electrical 
pulse width for short pulse tests 1 through 8. T/VA S/N's 016, 019, 020 and 022 data are 
plotted individually on each figure. 

Figures 4-31 through 4-43 show typical pulse shapes for electrical pulse widths from 10 to 
3 milliseconds. 

Figure 4-44 presents a curve of average impulse bit of the three T/VA's S/N's 016, 019 and 
022 versus accumulated life. 

Figure 4-45 presents a cur'.-: aveiage impulse bi. .cr*us accumulated life for the T/VA 

S/N 020. This T/VA sustained partial flow blockage a'^ing the abbreviated life testing. 
The blockage occurred between the 13,000th r-uise and the 14,000th pulse of the 
abbreviated life test. This data indicates there was very little performance 
degradation over the remainder of the testing. 
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Table 4-1 

















































Table 4-2 

CHAF ACTERIZATION TEST SUMMARY 
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Table 4-2 


CT-1, Characterization taat prior to abort pulse testing. 
CT-2, Characterization test alter short pulse testing. 
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4-6 Figure 4-1 
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JPL MJS 0.2-LBF REA SHORT PULSE TEST 

AVERAGE IBIT AS PERCENT OF IBIT AT EPW = 19 NSEC FOR 3 TEST REAS 








JPL MJS 0.2-LBF REA SHORT PULSE TEST 

AVFRA6E I0IT AS PERCENT CF IBIT AT EPH ° 10 MSEC FOR 3 TEST REAS 
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JPL MJS 0.2-LBF REA SHORT PULSE TEST 

AVERAGE IBIT AS PERCENT OF IBIT AT EPW « t0 MSEC FOR 3 TEST REAS 
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Figure 4-5 


ELECTRICAL PULSE WIDTH CMILLISECONDS) 









JPL MJS 0.2-LBF REA SHORT PULSE TEST 

AVERA8E IBIT AS PERCENT OF IBlf AT EPVI - IB MSEC FOR 3 TEST REAS 
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Figure 4«6 


ELECTRICAL PULSE WIDTH (MILLISECONDS) 
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Figure 


ELECTRICAL PULSE WIDTH CMILLISECONDS) 













JPL MJS 0.2-LBF REA SHORT PULSE TEST I 

AVERAGE IMPULSE BIT OF THREE TEST REAS VERSUS ELECTRICAL PULSE WIDTH 



ELECTRICAL PULSE WIDTH ([MILLISECONDS) 














JPL MJS 0.2-LBF REA SHORT PULSE TEST 5 

AVERAGE IMPULSE BIT OF THREE TEST REAS VERSUS ELECTRICAL PULSE WIDTH 



ELECTRICAL PULSE WIDTH C MILLISECONDS) 














JPL MJS 0 . 2-LBF REA SHORT PULSE TEST 7 

AVERAGE IMPULSE BIT OF THREE TEST REAS VERSUS ELECTRICAL PULSE WIPT -t 



ELECTRICAL PULSE WIDTH CMILLISECONDS) 








JPL MJS 0.2-LBF REA SHORT PULSE TEST 8 

AVERAGE IMPULSE BIT OF THREE TEST REAS VERSUS ELECTRICAL PULSE WIDTH 



ELECTRICAL PULSE WIDTH CMILLISECONDS) 




ELECTRICAL PULSE WIDTH CMILLISECONDS) 











ELECTRICAL PULSE WIDTH CMILLISECONDS j 
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JPL MJS 0.2-LBF REA SHORT PULSE TEST 

AVERA8E IMPULSE BIT VERSUS ELECTRICAL PULSE WIDTH 



ELECTRICAL PULSE WIDTH CMILLISECONDS) 







JPL MJS 0.2-LBF REA SHORT PULSE TEST 

AVERABE IMPULSE BIT VERSUS ELECTRICAL PULSE WIDTH 



ELECTRICAL PULSE WIDTH CMILLISECONDS5 











JPL MJS 0.2-LBF REA SHORT PULSE TEST 

AVERA8E IMPULSE BIT VERSUS ELECTRICAL PULSE WIDTH 
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JPL MJS 0.2-LBF REA SHORT PULSE TEST 

AVERAGE IMPULSE BIT VERSUS ELEC T RICAL PULSE WIDTH 
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JPL MJS 0.2-LBF REA SHORT PULSE TEST 1 

PULSE-TO-PULSE IMPULSE BIT VARIATION VERSUS ELECTRICAL PULSE WIDTH 
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Figure 4-23 


LECTRICAL PULSE WIDTH CMILLISECONDS 
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ELECTRICAL PULSE WIDTH CMILLISECONDS) 



















JPL MJS 0.2-LBF REA SHORT PULSE TEST 1 

REA S/N 816 SEQ 2 PULSE 18 PF = 220.0 EPW = 0.0090 



SECONDS 



JPL MJS 0.2-LBF REA SHORT PULSE TEST I 

REA S/N 016 SEQ 3 PULSE 10 PF = 220.0 EPW = 0.0080 
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Figure 4-37 
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5.0 DISASSEMBLY AND INSPECTION OF T/VA S/N 020 


In order to determine the cause of the partial flow blockage of thruster valve assembly 
(T/VA) S/N 020, the following operations were performed: 

• The thruster nozzle was inspected and found to be clean and unobstructed. 

• The valve was removed from the thruster and the valve outlet was inspected. No 
contaminants were found. 

• The thruster upstream screen was irspected. No evidence of contamination was 
found. 

• A GNj flow test was performed on the valve and the flow was normal. 

• A GNj flow test was performed on the thruster and the flow was found to be the 
same as the flow recorded during the postfire flow test; ije., 2S ml/min. at 5 
psig and 36 ml/min. at 10 psig. This is an 85% flow reduction from the prefire 
flow test. 

• The thrust chamber body was separated and the catalyst granules were separate 
and appeared normal except for slight caking of catalyst in the portion of the 
catalyst bed closest to the capillary tube outlet. The cake was lrnse and easily 
disintegrated. Hydrogen chemisorption tests were performed on the catalyst 
removed from the upstream end of the bed and the middle of the bed. The 
results were 103 and 121 ju moles/g, respectively. The hydrogen chemisorption 
test gives an indication of the active catalyst surface area. A hydrogen 
chemisorption of 120 is considered acceptable for new catalyst. 

• The bedplate was observed to be clean and free from contamination 

• The upstream injector screen was clean and free from contamination. Tne 
screen was removed and the capillary tube inlet was observed to be clean and 
free from contamination. 


■ V 


• The downstream injector screens were removed and were observed to have 
catalyst fines coating the outer edges but the screens were not obstructed. The 
ai ea in the middle of the screens was very clean. 

• The downstream end of the injector was inspected and cause of the partial flow 
blockage was observed. There was material buildup in the area of the capillary 
tube. The photograph on Figure 5-1 shows the material buildup causing partial 
blockage of the capillary tube. Figure 5-2 is a photograph of a section through 
the downstream end of the injector showing the material buildup in the capillary 
tube. 
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0 2 Ibf T/VA S/N 020 - VIEW OF DOWNSTREAM END OF INJECTOR SHOWING 
PARTIAL FLOW BLOCKAGE OF THE CAPILLARY TUBE 


ORIGINAL P'ACh IS? 
OF POOR QUALITY- 



5-3 


Fig 1 
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6.0 CONCLUSIONS AND RECOMMENDATIONS 


6.1 CONCLUSIONS 

After a thorough review and consideration of the information contained ir this report, the 
conclusions are as follows: 


• The limiting electrical pulse width is 3.0 milliseconds. The valve will not unseat 
on most T/7A'$ and therefore no impulse will be obtained. 

• A 3.5-miilisecond electrical pulse would yield an impulse bit of approximately 
20% of a 10- millisecond pulse impulse bit, but there would be a wide variation in 
pulse- to- pulse and thruster- to- thruster repeatability. 

• A 4.0-milliseconJ electrical pulse would yield an impulse bit of approximately 
45% of a 10-millisecond pulse impulse bit and there would be reasonable puise- 
to- pulse and thrvister-to- thruster repeatability. 

• The performance information on T/VA s S/N's 016, 019 and 022 would suggest 
that none or only minor degradation in thruster life is due to the 25,000 short 
pulses. The partial flow blockage associated with T/VA S/N 020 suggests that 
short pulses could seriously reduce thrur+er life, however, this thruster may have 
had a substantial buildup of material in the thruster injector capillary tube prior 
to this short pulse testing. A definite conclusion on the effect of short pulse or 
thruster life cannot be formulated from the information resulting from this test 
program. 
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6.2 RECOMMENDATIONS 

Based on the information contained in this report, the following actions are recommended: 


• Use an electrical pulse width of 3 .7 milliseconds, as it appears to be the best 
compromise between a small impulse bit and pulse- to-pulse and thruster- to- 
thruster impulse bit repeatability. A 3.7-miiiisecond electrical pulse would yield 
an impulse bit of approximately 30% of a 10-millisecond pulse impulse bit. 


© Continue life testing in orde - to better define thruster life. 


• Section additional thruster injector capillary tubes at the completion of life 
testing. 


